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.-SUBSTITUTE SPECIFICATION (ANNOTATED)- 



METHOD FOR EMBEDDING A COMPONENT IN A BASE AND FORMING A 
CONTACT 

5 

The present invention relates to a method for embedding one or more components in a 
base and for forming contacts in them. 

The bases that are processed using the methods to which the present invention relates are 
10 used as beises for electrical components, typically semiconductor components and 

particularly microcircuits, in electronic products. The task of the base is to provide a 
mechanical attachment base for the components and the necessary electrical connections 
to the other components on the base and outside the base. The base can be a circuit 
board, so that the method that is the object of the invention is closely related to circuit- 
15 board manufacturing technology. The base can also be some other base, for example, a 
base used for packaging a component or components, or the base of an entire functional 
module. 

Circuit-board manufacturing technologies differ from microcircuit manufacture in, 
20 among other things, the fact that the substrate used in microcircuit manufacturing 

technologies is a semiconductor material, whereas the base material of a circuit board is 
an insulator. Microcircuit manufacturing technologies are also typically considerably 
more expensive than circuit-board manufacturing technologies. 

25 Circuit-board manufacturing technologies differ from packaging techniques in that 
packaging techniques are intended to form a package around a semiconductor 
component, which will facilitate its handling. The surface of a package of a 
semiconductor component has contact parts, typically protrusions, which allow the 
packaged component to be easily installed on a circuit board. A semiconductor package 

30 also contains conductors, through which voltage can be connected to the actual 

semiconductor, connecting the protruding contact parts outside the package to the 
contact areas on the surface of the semiconductor component. 
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However, the packages of components manufactured using conventional technologies 
take up a considerable amount of space. The miniaturization of electronic devices has 
led to an attempt to eliminate the packaging of semiconductor components. For this 
purpose, the so-called flip-chip technology for instance, has been developed, in which a 
semiconductor component without a package is assembled directly onto the surface of 
the circuit board. There are, however, many difficulties in flip-chip technology. For 
example, problems can arise with the reliability of connections, especially in 
applications in which mechanical stresses arise between the circuit board and the 
semiconductor component. Mechanical stresses must be evened by adding a suitable 
underfill between the chip and the circuit board. This procedure slows down the process 
and increases manufacturing costs. Stresses arise particularly in applications in which a 
flexible circuit board is used and the circuit board is flexed strongly. 

Qbfee ^An object of the invention is to create a method, by means of which unpacked 
microcircuits can be attached to a base and provided with contacts reliably but 
economically. 

The invention is based on embedding the semiconductor components, or at least some of 
them, in a base, such as a circuit board, during the manufacture of the base, whereby part 
of the base structure is , as it wh e r e , manufactured around the semiconductor 
components. According to the invention, at least one conductive pattern is first 
manufactured in the base, as are through holes for the semiconductor components. After 
this, the semiconductor components are placed in the holes, in aligrmient with the 
conductive pattern. The semiconductor components are attached to the structure of the 
base and one or more layers of conductive patterns are manufactured in the base, in such 
a way that at least one conductive pattern forms an electrical contacts with the contact 
areas on the surface of the semiconductor component. 

Mor e spocifically, th e m e thod according to th e invention is characterized by vv^hat is 
stated in th e charact e rizing portion of Claim 1 . 

Considerable advantages are gained with the aid of the invention. This is because, with 
the aid of the invention, a circuit board can be manufactured with the semiconductor 
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components embedded inside it. The invention also makes it possible to manufacture a 
small and reliable component package around a component. 

The invention also permits a large number of embodiments, which provide significant 
additional advantages. 

For example, by means of the invention, the component's packaging stage, the circuit 
board's manufacturing stage, and the assembly and contact-making stage of the 
semiconductor components can be combined to form a single totality. The combination 
of the various process stages brings important logistic benefits and permits the 
manufacture of a smaller and more reliable electronic module. There is the further 
advantage that such a manufacturing method can largely exploit circuit board 
manufacturing and assembly technologies that are in general use. 

The composite process according to a preferred embodiment of the invention is, in its 
totality, simpler than, for example, manufacturing a circuit board and using flip-chip 
technology to attach the components to the circuit board. By means of such preferred 
embodiments, the following advantages over the conventional solution are obtained: 

- Soldering is not required to form contacts with the components-^mstead 
Instead, an electrical contact can be manufactured by growing conductors on top 
of the contact areas of a semiconductor component. This means that there is no 
need to use molten metal to connect the components, so that compounds are not 
formed between metals. Compounds between metals are generally brittlcLrse 
that -thus, r eliability is improved compared to connections made by soldering. 
Particularly in small connections, the brittleness of the metal compounds in the 
connections causes great problems. According to a preferr e d an exemplary 
embodiment, it is possible to achieve clearly smaller structures in a solderless 
solution than in soldered solutions. The solderless contact-making method also 
has the advantage that high temperatures are not required to form contacts. A 
lower process temperature permits greater choice when selecting other materials 
of the circuit board, the component package, or the electronics module. In the 
method, the temperature of the circuit board, the component, and the conductive 



layer directly connected to the component can be kept in the range 20 - 85°C. 
Higher temperatures, for example, of about 150°C, may be needed only when 
hardening (polymerizing) any polymer films used. However, the temperature of 
the baseboard and the components can be kept under 200°C during the entire 
process. In the method, it is also possible to use polymer films, which are 
hardened in other ways than due to the effect of a high temperature, for example, 
chemically, or by electromagnetic radiation, such as ultraviolet light. In such a 
proforrod an exemplary embodiment of the invention, the temperature of the 
baseboard and the components can be kept under lOO^C during the entire 
process. 

- Because the use of the method permits the manufacture of smaller structures, 
the components can be spaced more closely. The conductors between the 
components can then also be shorter while the electrical properties of the 
electronic circuit improve, for example, by reducing losses, interference, and 
delay times. 

- The method also permits the manufacture of three-dimensional structures, as 
the bases and the components embedded in the bases can be assembled on top of 
each other, 

- In the method, it is also possible to reduce the interfaces between different 
metals. 

- The method permits a lead-free process. 

The invention also permits other preferred embodiments. In connection with the 
invention, flexible circuit boards, for instance, can be used. Further, the process permits 
circuit boards to be assembled on top of each other. 

With the aid of the invention, it is also possible to manufacture extremely thin structures, 
in which the semiconductor components are, despite its thinness, entirely protected 
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within a base, such as a circuit board. 

Because the semiconductor components can be placed entirely inside the circuit board, 
the joints between the circuit board and the semiconductor components are mechanically 
5 durable and reliable. 

In the following, the invention is examined with the aid of examples and with reference 
to the accompanying drawings. 

10 Figure 1 shows a series of cross-sections of one process according to an exemplary 
embodiment of t he invention. 

Figure 2 shows a series of cross-sections of a second process according to an exemplary 
embodiment of t he invention. 

15 

Figure 3 shows a series of cross-sections of a third process according to an exemplary 
embodiment of t he invention. 

The series of illustrations shown in Figure 1 show one possible process according to the 
20 invention. In the following, the process of Figxire 1 is examined in stages: 

Stage A (Figure 1 A): 

In stage A, a suitable baseboard 1 is selected for the circuit-board manufacturing 
25 process. The baseboard 1 can be, for example, a glass-fibre reinforced epoxy board, such 
as an FR4-type board. In the example process, the baseboard 1 can thus be an organic 
board, as the example process does not require high temperatures. A flexible and cheap 
organic board can thus be selected for the baseboard 1 . Typically a board that is already 
coated with a conductive material 2, usually copper, is selected for the baseboard 1 . Of 
30 course, an inorganic board can also be used. 



Stage B (Figure IB): 
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In stage B, through holes 3 are made in the baseboard for electrical contacts. The holes 3 
can be made, for example, with some known method used in circuit-board manufacture, 
such as mechanical drilling. 

Stage C (Figure IC): 

In stage C, metal 4 is grown into the through holes made in stage B. In the example 
process, the metal 4 is also grown on top of the circuit board, thus also increasing the 
thickness of the conductive layer 2. 

The conductive material 4 to be grown is copper, or some other material with sufficient 
electrical conductivity. Copper metallizing can take place by coating the holes with a 
thin layer of chemical copper and then continuing the coating using an electrochemical 
copper-growing method. Chemical copper is used in th e e xampl e an exemplary 
embodiment , as it will alse-surface on top of a polymer and act as an electrical 
conductor in electrochemical coating. The metal can thus be grovra using a wet-chemical 
method, so that the growth is cheap. Altematively, the conductive layer 4 can be made, 
for example, by filling the through holes with an electrically conductive paste. 

Stage D (Figure ID): 

In stage D, the conductive layer on the surface of the circuit board is patterned. This can 
be done by utilizing generally known circuit-board manufacturing methods. The 
patterning of the conductive layer is aligned, for example, on the holes made in stage B. 

The manufacture of the conductor pattern can take place, for example, by laminating, on 
the surface of the metal 4, a photolito graphic photolithographic p olymer filmj on which 
the desired conductive pattern is formed by directing light through a patterned mask. 
After exposure, the polymer film is developed^ when the desired areas are removed from 
it and the copper 4 under the polymer is revealed. Next, the copper revealed under the 
film is etched away, leaving the desired conductive pattem. The polymer acts as a so- 
called etching mask^ and openings 5, at the foot of which the baseboard of the circuit 
board is revealed, are formed in the metal layer 4. After this, the polymer film is also 
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removed from on top of the copper 4. 



Stage E (Figure IE): 

5 In stage E, holes 6 are made in the baseboard for the microcircuits. The holes extend 
through the entire baseboard, from the first surface la to the second surface lb. The 
holes may be made, for example, by mechanically milling by means of a milling 
machine. The holes 6 can also be made, for example, by stamping. The holes 6 are 
aligned relative to the conductive patterns 4 of the circuit board. The holes 3 made 
10 during stage B can also be used to aid alignment, but then^ too^ the alignment is relative 
to the conductive patterns 4, as the conductive patterns 4 have a specific position in 
relation to the holes 3. 

Stage F (Figure IF): 

15 

In stage F, tape 7 or something similar is laminated over the holes 6. The tape 7 is 
laminated by stretching it straight over the hole 6 along the second surface 1 b of the 
baseboard. The tape is intended to hold the components to be assembled in the next 
stage in place, until the components have been secured to the baseboard using the final 
20 attachment method. 

Stage G (Figure IG): 

In stage G, the microcircuits 8 are assembled in the holes 6, from the side of the first 
25 surface la of the baseboard. Assembly can take place using a precision assembly 

machine, the microcircuits 8 being aligned relative to the conductive patterns of the 
circuit board. As in stage E, the holes made in stage B can be used to aid alignment. 

The microcircuits 8 are assembled in such a way that they adhere to the adhesive surface 
30 of the tape 7 in the 'bottoms' of the holes 6. 



Stage H (Figure IH): 
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In stage H, the microcircuits 8 are attached to the baseboard of the circuit board by using 
a filler substance 9 to fill the holes made for the microcircuits. I n th e example proc e ss an 
exemplary embodiment , this stage is carried out by spreading casting epoxy into the 
holes and on top of the microcircuits-7^, from the side of the first surface (la) of the 
5 circuit board. The epoxy is smoothed with a spatula and is hardened by curing in an 
autoclave. 

Stage I (Figure II): 

10 In stage I, the tape laminated in stage F is removed. 
Stage J (Figure IJ): 

In stage J, a polymer film 10 is formed on the surface of the circuit board, followed by a 
15 thin metal coating 1 1 on top of the polymer film. The film is preferably formed on both 
surfaces of the circuit board, but at least on the second surface (lb) of the circuit board. 

j In the exampl e proc e ss an exemplary embodiment , stage J is carried out by laminating a 
thin polymer film (e.g., c. 40 |xm) on the surface of the circuit board, on top of which is a 
20 layer of copper (e.g., c. 5 |am). Lamination takes place with the aid of pressure and heat. 
In the example process, the film is thus an RCC (Resin Coated Copper) foil. 

The polymer film can also be made by, for example, spreading polymer in a liquid form 
I on the circuit board. Thus^ lamination is not essential in stage J. What is essential is that 

25 an insulating layer, typically a polymer film, is made on the circuit board, which 

contains the embedded components, particularly embedded microcircuits. The polymer 
film itself can be, according to the embodiment, a filled or unfilled polymer film. The 
polymer film can also be coated with metal, but this is not essential, as the conductive 
surface can also be made later^ on top of a polymer layer that is already attached to the 

30 circuit board. 

Stage J makes it possible to use conventional manufacturing methods and work stages 
used in circuit board manufacture in the example process and nevertheless to be able to 
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bttfv -embed microcircuits and other components inside the circuit board. 
Stage K (Figure IK) 

5 In stage K, holes 12 are made in the polymer film 10 (and at the same time in the 

conductive foil 1 1), through which it is possible to create contacts with the conductive 
patterns and feed-throughs (conductive material 4) of the circuit board and with the 
microcircuits 8. 

10 The holes 12 can be made, for example, using a laser, or some other suitable method. 
The conductive pattems made in stage D, or the through holes made in stage B can be 
used for alignment. 

Stage L (Figure IL): 

15 

Stage L corresponds to stage C. In stage L, a conductive layer 13 is made in the holes 12 
and on the surfaces of the circuit board. 

In the example process, the feed-throughs (holes 12) are first of all cleaned using a 
20 three-stage desmear treatment. After this, the feed-throughs are metallized by first 

forming a catalysing SnPd surface on the polymer and after that depositing a thin layer 
(about 2-ftHjim) of chemical copper onto the surface. The thickness of the copper 13 is 
increased by electrochemical deposition. 

25 Alternatively, the feed-throughs can be filled with an electrically conductive paste or 
made using some other suitable micro-via metallizing method. 

Stage M (Figure IM): 

30 In stage M, a conductive pattern is formed in the same way as in stage D. 



Stages N and O (Figures IN and lO): 
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In stages N and O, a photolitographic polymer 14 is spread on the surfaces of the circuit 
board and the desired pattern is formed in the polymer 14 (in a manner similar to that in 
stages D and M). The exposed polymer film is developed, but the polymer film pattern 
remaining on the circuit board is not removed. 

Stage P (Figure IP): 

In stage P, the connection areas of the polymer film pattern formed in the previous stage 
are coated 15. The coating 15 can be made with, for example, a Ni/Au coating, or an 
OSP (organic surface protection). 

The oxamplo e xemplary embodiment of Figure 1 depicts one process, which can be used 
to exploit our invention. Our invention is^^ thus^ in no way restricted to the process 
described above, but instead the invention covers a large group of different processes 
and their end products, to the full extent of the Claims and allowing for equivalency 
interpretations. In particular, the invention is in no way restricted to the layout shown in 
the cxampl e , exemplary embodiment of Figure 1; instead^ it will be obvious to one 
versed in the art that the processes according to our invention can be used to 
manufacture many kinds of circuit boards, which differ greatly from the examples 
disclosed here. Thus, the microcircuits and connections of the figures are only shown to 
illustrate the manufacturing process. A gr e at mM ^ny changes can thus be made to the 
process of the example disclosed above, without neverth e l e ss deviating from the idea 
according to the invention. The changes can relate to the manufacturing techniques 
depicted in the various stages, or, for example, to the mutual sequence of the stages. For 
example, stage B can equally well be carried out after stage D, i.e. the procedure can be 
to align include aligning the drill on the pattem, instead of aligning the pattern on the 
drilled holes. 

Stages that aro felt to be requir e d Other necessary stages can also be added to the 
process of the example disclosed above. For example, a foil that protects the surface of 
the circuit board during the casting taking place in stage H can be laminated onto the 
first side (la) of the circuit board. Such a protective foil is manufactured so that it covers 
all the other areas except for the holes 6. The protective foil keeps the surface of the 
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circuit board clean when the casting epoxy is spread with the spatula. The protective foil 
can be made in a suitable stage before stage H and is removed from the surface of the 
circuit board immediately after the casting. 

5 With the aid of the method, it is also possible to manufacture component packets to be 
attached to the circuit board. Such packets can also include several semiconductor 
components, which are connected electrically to each other. 

The method can also be used to manufacture entire electrical modules. The process 
10 shown in Figure 1 can also be applied in such a way that the conductive structure is 

made only on the second side (lb) of the circuit board, to which the contact surfaces of 
the microcircuit are oriented. 

The method makes it possible to manufacture, for example, circuit boards or electrical 
15 modules, in which the thickness of the baseboard used is in the range 50 - 200 microns 
and the thickness of the microcircuit and microcircuits is in the range 50 - 150 microns. 
The pitch of the conductors can vary, for example, in the range 50 - 250 microns while 
the diameter of the micro-feed-throughs can be, for example, 15-50 microns. Thus, the 
total thickness of a single board in a one-layer construction will be about 100-300 
20 microns. 

The invention can also be applied in such a way that circuit boards are assembled on top 
of each other, thus forming a multi-layer circuit structure, in which there are several 
circuit boards manufactured according to the exemplarv embodiment of Figure 1 set on 
25 top of each other and connected electrically to each other. The circuit boards set on top 
of each other can also be circuit boards in which the conductive structure is formed only 
on the second side lb of the circuit board, but which nevertheless include feed throughs, 
through which an electrical contact can also be formed to the microcircuits from the first 
side of the circuit board. Figure 2 shows one such process. 

30 

Figure 2 shows the connection of circuit boards to each other. In the following, the 
process is described in stages. 
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Stage 2A (Figure 2A): 

Stage 2A depicts the circuit boards being set on top of each other. The lowest circuit 
board can be obtained, for example, after stage I of a modified process of Figure 1 . In 
5 this case, the process of Figure 1 is then modified by omitting stage IC. 

The middle and upper circuit boards in tum can be obtained after stage M of a modified 
process of Figure 1, for instance. In this case, the process of Figure 1 is modified by 
omitting stage IC and performing stages J, K, and L on only the second side (lb) of the 
10 circuit board. 

In addition to the circuit boards, Figure 2 A also shows pre-preg epoxy layers 21 placed 
between the circuit boards. 

1 5 Stage 2B (Figure 2B): 

In stage 2B, the circuit boards are laminated together with the aid of pre-preg epoxy 
layers 21 . In addition, a metal-coated polymer film 22 is made on both sides of the 
circuit board. The process corresponds to stage J of the process of Figure 1. 

20 

Stage 2C (Figure 2C): 

In stage 2C, holes 23, for the formation of contacts, are drilled in the circuit board. 
25 After Stage 2C, the process can be continued for example as follows: 
Stage 2D: 

In stage 2D, conductive material is grown on top of the circuit board and in the through 
30 holes 23, in the same way as in stage IC. 



Stage 2E: 



13 

In stage 2E, the conductive layer on the surface of the circuit board is patterned in the 
same way as in stage ID. 



Stage 2F: 

5 

In stage 2F, a photolitographic polymer is spread on the surfaces of the circuit board and 
the desired pattern is formed in the polymer in the same way as in stages IN and lO. 
The exposed polymer film is developed, but the polymer film pattem remaining on the 
circuit board is not removed. 

10 

Stage 2G: 



In stage 2G, the connection areas of the polymer film pattem formed in the previous 
stage are metallized in the same way as in stage IP. 

15 



On the basis of the example of Figure 2, it is obvious that the method can also be used to 
manufacture many kinds of three-dimensional circuit structures. For example, the 
method can be used in such a way that several memory circuits are placed on top of each 
20 other, thus forming a packet containing several memory circuits, in which the memory 
circuits are connected to each other to form an operational totality. Such a packet can be 
termed a three-dimensional multichip module. The chips in such modules can be 
selected freely and the contacts between the chips can be easily made according to the 
selected circuits. 

25 

The invention also permits electromagnetic protection to be made around the component 
embedded in the base. This is because the method of Figure 1 can be modified in such a 
way that the holes 6 depicted in stage IE can be made in connection with the making of 
the holes 3 carried out in stage IB. In that case, the conductive layer 4 to be made in 
30 stage IC will also cover the side walls of the holes 6 made for the components. Figure 
3 A shows a cross-section of the base structure as it is after stage IF in the process 
modified in the aforesaid manner. 
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After the intermediate stage shown in Figure 3 A, the process can be continued by 
assembling the microcircuits in a similar way to stage 1 G, the microcircuits being 
attached similarly to stage IH, the tape removed similarly to stage II, and polymer and 
metal foils being made on both surfaces of the circuit board in a similar way to stage IJ. 
5 Figure 3B shows an example cross-section of the base structure after these process 
stages. 

After the intermediate stage shown in Figure 3B, the process can be continued by 
making holes, similar to those of stage IK, in the polymer film, for making contacts. 
10 After this, a conductive layer is made in the holes and on the surfaces of the board 

similarly to stage IL. Figure 3C shows an example cross-section of the base structure 
after these process stages. For reasons of clarity, the conductive layer made similarly to 
stage IL in the holes and on the board surfaces is highlighted in black. 

15 After the intermediate stage shown in Figure 3C, the process can be continued by 

patteming a conductive layer on the surfaces of the board as in stage IM and by coating 
the surfaces of the board as in stage IN. After these stages, the microcircuits are 
surrounded by a nearly unbroken metal foil, which forms an effective protection against 
interference caused by electromagnetic interaction. This construction is shown in Figure 

20 3D. After the intermediate stage shown in Figure 3D, stages corresponding to stages lO 
and IP are carried out, in which a protective foil and connections are made on the 
surface of the circuit board. 

In Figure 3D, the cross-sections of the metal layers protecting the microcircuits are 
25 highlighted in black. In addition, the background of the microcircuits is highlighted v^th 
cross-hatching. The cross-hatching is intended to be a reminder that all the sides of a 
hole made for a microcircuit are covered by a metal foil. Thus the microcircuit is 
surrounded laterally with an unbroken metal foil. In addition to this, a metal plate can be 
designed above the microcircuit, which is made in connection with the making of the 
30 circuit board's conductive pattem. Similarly, a metal foil that is as complete as possible 
is made below the microcircuit. The making of contacts below the microcircuit means 
that small gaps must be made in the metal foil, as shown in Figure 3D, for instance. 
These gaps can, however, be made so narrow laterally, or, correspondingly, so thin 
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vertically, that they do not weaken the protective effect obtained against electromagnetic 
interference. 

When examining the example of Figure 3D, it must also be take into account that the 
final structure also contains parts extending at right angles to the plane shown in the 
figure. Such a structure extending at right angles is shown by the conductor cormected to 
the contact bump on the left-hand side of the left-hand microcircuit of Figure 3D, which 
runs towards the viewer from between the metal foil surrounding the microcircuit 
laterally and the conductive layers below the microcircuit. 

The solution shown by Figure 3D thus provides the microcircuit with excellent 
protection against electromagnetic interference. As the protection is made immediately 
around the microcircuit, the construction also protects against mutual interference 
arising between the components contained in the circuit board. Most of the 
electromagnetic protective structure can also be earthed, as the metal foil surrounding 
the microcircuits laterally can be connected electrically to the metal plate above the 
circuit. The cormections of the circuit board, can, in turn, be designed in such a way that 
the metal plate is earthed through the conductive structure of the circuit board. 
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Abstract: 



This publication discloG e s The invention includes a method, in which at least some of 
th e semiconductor components forming part of an electronic circuit , or at l e ast som e of 
tteffi^ are embedded in a base, such as a circuit board, during the manufacture of the 
base. Thus, the base structure is mor e or l e ss basically manufactured around the 
S( miconductor component. According to the invention, first of all at least one conductive 
pattern and through holes for the semiconductor components are made in the base. Aft e r 
# i s Thereafter, the semiconductor components are placed in the holes in alignment with 
the conductive pattern. The semiconductor components are attached to the structure of 
tlje base^ and one or more conductive pattem layers are made in the base in such a way 
that at least one conductive pattem forms an electrical contact with the contact areas of 
the surface of the semiconductor component. 



